Abstract. Infrared image segmentation of power equipment is the basis for intelligent diagnosis of power equipment faults. In order to reduce the influence of non-uniform background on the infrared image segmentation of power equipment and improve the accuracy and efficiency of image segmentation, an improved Niblack image segmentation method based on bat algorithm is proposed. This method uses the variance between classes as the fitness function of the bat algorithm to automatically search for the optimal segmentation threshold of the non-overlapping rectangular neighborhood in the Niblack method, and uses it for binarization of the current neighborhood to extract target area from the infrared image. Experimental results show that compared with the traditional Otsu method, Niblack method and other algorithms, the segmentation algorithm reduces the ME by at least 34% to 84%. Compared with the BA+Otsu method, the average time consumption is reduced by 70%, effectively improving the accuracy and efficiency of the infrared image segmentation detection of the device.
Introduction
At present, infrared thermal imaging diagnosis technology has become one of the important methods for power equipment fault detection [1, 2] . The infrared image contains the temperature field information on the surface of the device. To extract the target region and analyze the temperature field, the image is binarized and segmented, achieving the device state information is accurately [3] .
However, the quality of image segmentation is often affected by factors such as background heterogeneity and noise. Over-segmentation or under-segmentation often occurs, which makes it difficult to extract target regions [4] . In order to solve the above problems, this paper proposes an optimization algorithm based on bat algorithm for Niblack infrared image segmentation of power equipment. The formula of between-class variance is used as the fitness function of the bat algorithm. Search for the optimal segmentation threshold of the image block neighborhood and use this threshold to binarize the current block. Compared with the traditional Otsu method, Niblack method and other methods, the image error rate of this algorithm is greatly reduced, and the average time consumption is reduced by 71% compared with the BA +Otsu method, the processed image has clear outline of the target, clear edge details, and good visual effect.
Niblack Image Segmentation Based on Bat Algorithm

Bat Algorithm
The bat algorithm is evolved by simulating the bat predation process, some idealized rules are used to simulate this process: bats randomly fly in space with velocity v, position x, and pulse frequency f, and adjust the pulse frequency by judging the proximity to prey. The position of the bat is used to simulate the decision vector in the optimization problem, the frequency improvement is used to simulate the search step size, and the captured solution is used to simulate the optimal solution in the optimization problem.
In the search space of dimension n, the search frequency f i , velocity v i t , and position p i t of bat i at time t are respectively expressed as [5] :
In the formula, f min and f max are the minimum and maximum search frequencies, respectively, and ߚ are random variables in the range [0, 1] . p * is the current global optimum value. In the local search process, if a solution is selected from the optimal set set, the bat's location is updated to:
(2) ߝ is a random number in the range [-1,1] . A t is the average loudness of all bats t. The balance between global search and local optimization is achieved by changing the loudness A and the pulse frequency r i :
Among them, ߦ is a loudness reduction coefficient whose value is [0, 1], ߠ is a pulse frequency increase coefficient, r i 0 is the maximum pulse frequency, and r i t+1 is the pulse frequency at time t+1.
Bat Algorithm Optimization Nibalck Infrared Image Segmentation Algorithm
The traditional Niblack method obtains the segmentation threshold by calculating the gray mean value and the gray standard deviation for each pixel in the image corresponding to the r×r neighborhood [6] . Let each pixel in the infrared image of the power equipment be g(x,y), and take the point (x,y) as the center in the r×r neighborhood. Calculate the gray mean value m(x, y) of the pixels and standard variance s(x, y) in the neighborhood respectively. Eq. 4 can be used to calculate the segmentation threshold T(x,y):
Among them, k is the correction coefficient. In order to solve the problem of sharp increase in the calculation of T(x, y) caused by the resolution of the large infrared thermal image, the calculation of the pixel segmentation thresholds is simplified to the calculation of image non-overlapping rectangular neighborhood segmentation thresholds. In addition, in order to obtain an infrared thermal image with high segmentation accuracy, it is necessary to obtain the optimal k value under non-human intervention. Experiments show that when the range of k is [-1, 1], better image segmentation quality can be obtained. Therefore, 41 k values can be obtained in this interval with 0.05 steps, and a 41-dimensional optimization threshold interval {T 1 , T 2 , …, T 41 } is calculated. On this basis, the categorical variance formula is used as the bat algorithm fitness function to automatically search the optimal segmentation threshold T * in the interval. In order to construct the bat algorithm fitness function, the pixel gray range of the neighborhood D of the block is set to be 0~L-1, and ݊ , is the number of pixels whose gray value is i. ‫‬ , = ݊ , ܰ ⁄ is the proportion of pixels whose gray value is i in the image, so there is ∑ ‫‬ , 
The Eq. 5 is used as a fitness function to search for the optimal segmentation threshold T D * corresponding to the maximum between-class variance ߪ ଶ (ܶ * ) of the block neighborhood D by the bat algorithm:
(6) The partitioned threshold T D * is used to binarize the block neighborhood D, and the above steps are repeated to perform threshold segmentation for the remaining block neighbors in turn.
Experimental Results and Analysis
In order to verify the segmentation effect of the Niblack infrared image segmentation method optimized by the bat algorithm, this paper selects the four infrared images of the switch, the current transformer, the switch joint and the wave trap as shown in Fig.1 as the experimental object to perform an image segmentation experiment. It can be seen from Fig. 2 , the Otsu method, Kapur method, and BA+Otsu method using the global threshold segmentation method have obvious under-segmentation for current transformers, switch joints, and wave trap equipment images, which will lead to the loss of image information to some extent. In the Niblack method using local features, if k is taken as 0.2, although the segmentation effect of the current transformer is good, the image segmentation effect of other devices is not good. This also shows that the selection of the correction factor k has a great influence on the segmentation performance of the Niblack method. In contrast, the segmentation method of this paper is superior to the above-mentioned other algorithms in terms of image detail information presentation and the integrity of the target area.
Image Segmentation Experiment
Misclassification Rate and Time-Consuming Comparison
To evaluate the quality of image segmentation accurately, this paper uses the misclassification rate (ME) as the evaluation index [7] . The smaller the ME value, the better the segmentation result. The ME value is calculated by Eq. 7.
Among them: B S and Q S are the background and target pixel set of the binary mask image of power equipment binarization. B F and Q F divide the background and set of target information respectively for each threshold method. The standard binary mask images are shown in Fig.3 . Table 1 shows the ME value and the time-consuming of the Otsu method, the traditional Niblack method, the Kapur method, the BA+Otsu method, and the algorithm of this paper to simulate the infrared thermal image of Fig.1 . Compared with other segmentation methods, the segmentation algorithm used in this paper is at least reduced by 64%, 48%, 84%, and 34%, respectively. This performance improvement comes from the background of the neighborhood of each block of the algorithm is approximately uniform processing, and the bat algorithm is used to optimize the segmentation threshold of each neighborhood to avoid the image's mis-segmentation. On the other hand, in terms of image segmentation time and computational efficiency, this algorithm reduces the average time-consuming 71% compared to the BA+Otsu method, which has the best segmentation effect among the four traditional methods. 
Conclusion
In this paper, an infrared image segmentation algorithm based on bat algorithm optimization method is proposed for infrared image of power equipment with uneven background. Compared with the Otsu method, the traditional Niblack method, the Kapur method, and the BA +Otsu method, the segmentation results show that. The segmentation results obtained by the segmentation algorithm in this paper are superior to the above-mentioned other algorithms in the segmentation effect of the infrared thermal imaging image of each device in reducing the influence of non-uniform background, image detail information presentation, and the integrity of the target region. The misclassification rate of image segmentation was at least reduced by 64%, 48%, 84%, and 34%, respectively, and the average time-consuming of the BA+Otsu method with the best segmentation among the four traditional methods was reduced by 70%. It has certain advantages in solving the problem of binary segmentation of infrared temperature images of power equipment.
